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Abstract: To study the impacts of nanometer pottery trays (NPTs) on different rice varieties, three rice 
varieties, Zhongzheyou 1, Jinzao 47 and Xiushui 09, were treated with four NPTs (NPT-A, NPT-B, NPT-C 
and NPT-D) with different energies, respectively. The results showed that when the same rice variety was 
treated with different NPTs or different rice varieties were treated with the same NPT, the impacts on 
seed germination rate, seedling growth, plant height, panicle length and weight, the number of filled 
grains, seed-setting rate and 1000-grain weight varied between different rice variety-NPT interaction 
groups. In general, high energy NPT-C and NPT-D treatments obviously enhanced the functions of most 
examined rice characters. For example, NPT-C and NPT-D treatments improved the germination rate of 
all the three rice varieties, and promoted the root growth of seedlings, and increased seedling fresh 
weight, single panicle weight, filled grain number per panicle, seed-setting rate and 1000-grain weight. On 
the contrary, low energy NPT-A treatment restrained the seed germination rate in Jinzao 47 and 
Zhongzheyou 1, and decreased the seedling fresh weight in Zhongzheyou 1. NPT-B treatment restrained 
the seedling growth in Jinzao 47 but increased the panicle length of Zhongzheyou 1. NPT-A and NPT-C 
treatments obviously decreased the 1000-grain weight in Xiushui 09. Therefore, when treating crop seeds 
or plants using nanomaterials or nanotechnologies, different types of crops/varieties should select the 
nanomaterials or nanotechnologies with suitable energies to reduce the negative effects. 
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Nanomaterials or nanotechnologies, information 
science and technology, and life science and technology 
are the current mainstreams of science development. 
Nanomaterials have unique physical and chemical 
properties which arise from their small size, shape, 
surface area, conductivity and surface chemistry, and 
have been applied in numerous ways in many fields 
such as textiles, electronics, agriculture, engineering 
and medicine (Smith et al, 2007). Since 2000, the 
governments of various countries, institutional 
frameworks and enterprises have all attached great 
importance to the research, development and application 
of nanotechnologies. Some countries have also 
enacted relevant strategies or plans, and invested 
substantial sums of funds to seize the strategic 
highland of nanotechnology (Huang et al, 2015). 
Nanomaterials are able to radiate specific far 
infrared wave. The resonance can happen between far 
infrared wave and water molecule perssad, and high 
energy water is generated. When crop seeds are 
soaked with high energy water, the buds of seed 
embryos can be promoted and the germination speed 
and rate can be increased. When high energy water is 
used for irrigation, it can make the crop roots 
flourishing, grow and develop fast, and lead seedlings 
to grow well at late stage. More tillers and full filled 
grains will be produced, and the objective of high 
yield can be achieved. 
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Currently, the application of nanotechnology in 
agriculture lags behind other industries, but there are 
also some successful application examples (Huang et al, 
2015). The function of nanotechnology in promoting 
biological metabolism has been applied in many 
aspects. For example, when crop seeds are treated or 
plants are irrigated with nanotechnology-treated water, 
it can promote crop growth, increase yield and improve 
the quality of crop products. Although the application 
of nanotechnology in food and agriculture is still at its 
budding stage, we hope to see a largely increased use 
of nanotechnology tools and techniques in agricultural 
fields in the next few years (Tuteja and Gill, 2013). 
Nanotechnology can promote seed germination and 
increase seedling quality, yield, and product quality in 
different crops. In a previous study, the seeds of 
cowpea and radish are soaked with nanometer pottery 
tray (NPT)-treated water, and the germinative force, 
germination rate and seedling fresh weight are all 
significantly increased (Chen et al, 2000). The soybean 
seeds soaked by nanotechnology-treated water show 
enhanced root vitality and water absorbing capacity. 
This treatment also increases the antioxidant enzyme 
activities and improves the stress resistant ability of 
plants (Lu et al, 2002). 
The change of water molecule clusters can be 
investigated by ultraviolet absorption spectrum and 
nuclear magnetic resonance atlas. The light absorption 
ability of nanomaterials-treated water at 190–325 nm 
in ultraviolet absorption spectrum is enhanced, which 
indicates that the changes of water molecule structure 
and energy state occur. The half-peak breadth of 
17O-NMR becomes narrow, undergoes chemical shift 
diminution and moves to the low field. In other words, 
the molecular group diminishes and the activity is 
increased when water is treated by nanomaterials (Liu 
and Liao, 2008). Microcluster water is also known as 
activated water. This water is alkalized after free 
ionization by nanoparticles. The major function of 
activated water is to improve the microcirculation of 
the living body in vivo. The alkalescence-activated 
water can stimulate the activity of calcium ions inside 
the living body, motivate the acid system of biological 
cells, and ultimately increase cell activity and promote 
metabolism. 
When a Qiangdi nano-863 biological assistant 
growth apparatus (BAGA) (disc) (Fig. 1) is immersed 
into water, it absorbs and radiates the electromagnetic 
waves in specific frequencies, causes the large water 
molecule cluster to produce resonance. Then large 
water molecule cluster is broken down into a 
micromolecule clusters. The movement of micromolecule 
cluster is fast. It brings a mass of kinetic energy which 
is 30% higher than that of normal water. The activated 
water carrying high energy can enter biological body 
and continuously strike the cells of living body. 
Therefore, cell energy is activated and their function is 
stimulated, which promote the metabolism of living 
body. The living body’s performances are improved 
and their immunocompetences are enhanced. Plants 
will have faster seed germination, higher germination 
rate and flourishing root system. At late stage, the 
plants grow well, there are more tillers and full filled 
grains. When rice seeds are soaked in the water treated 
by the Qiangdi nano-863 disc and the rice plants are 
irrigated by the treated water, a good harvest can be 
achieved. The key reason of improved rice yield is 
that the treated water can increase the numbers of 
productive panicles and full filled grains, and enhance 
1000-grain weight (Liu et al, 2007b). The rice treated 
with the Qiangdi nano-863 disc performs better than 
the control rice (treated with normal water). Compared 
with the control, there are an increase of 0.2–0.5 leaves 
per treated plant, the seedling height is increased by 
0.5 cm, the number of productive panicles per square 
meter is increased by 10–15, the number of filled 
grains per panicle is increased by 1–5, 1000-grain 
weight is increased by 0.2–0.5 g, and yield is 
increased by 1 041 kg/hm2 (16.7%) (Liu et al, 2007b). 
The most obvious effect is achieved at the tillering 
stage when rice is treated with different nanomaterials 
(He, 2005; Liu et al, 2007a). Rice biomass is 
increased by 30.8%–37.4%, root weight is increased 
by 12.3%–35.2%, and the total length, superficial 
areas and volume index of roots are all substantially 
improved (Liu et al, 2007a). When rice grows up to 
Fig. 1. Different types of biological assistant growth apparatus 
ceramic discs (nanometer pottery trays).  
Qiangdi nano-863 (the biggest green one in the center), Suzhou
Zhongchi (a, b, c and d discs around).
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the early booting stage or is to be harvested, the 
differences among different indicators are diminished. 
It indicates that the growth of nanomaterials-treated 
rice is greatly promoted at early growth stage than that 
at the late growth stage. Nanomaterials-treated water 
can promote rice growth and advance tillering by 3 d, 
and increase tiller number by 4.9%–14.0% (Liu et al, 
2007a; Wang et al, 2011).  
In previous studies, both the hybrid rice seeds from 
southern China and the conventional japonica rice 
seeds from northeastern China are soaked with 
Qiangdi nano-863-treated water. The seed germination 
and seedling quality are improved, and the yields are 
significantly increased (Deng, 2003; Ma et al, 2007). 
The germination state and rate of rice seeds are 
significantly increased when Xinghe nano aerator is 
used to treat 10 different rice varieties. After being 
soaked for 3 and 10 d, the germination state is 
improved by 0.6%–4.0% and 0.4%–2.7%, respectively. 
At 5 d after being soaked with Xinghe nano aerator, 
there is no difference in shoot fresh weight, length and 
width. However, at 10 d after treatment, the shoot 
fresh weight, length and width are all increased by 
different degrees in 7 of the 10 rice varieties treated by 
nanotechnology. In addition, there are differences in 
germination state, shoot fresh weight, length and 
width between different varieties and within the same 
variety (Zhong et al, 2005). 
When plant seeds are treated by Nano-TiO2, seed 
germination rate, plant growth and biomass are all 
promoted or increased (Zheng et al, 2005). The key 
reason for increased growth rate may be the photo- 
sterilization and photo-generation of substances containing 
active oxygen, such as superoxide and hydroxide 
anions by nano-TiO2, which can increase seed stress 
resistance and promote capsule penetration. The nano 
size of TiO2 may increase the absorption of inorganic 
nutrients, accelerate the breakdown of organic substances 
and cause the quenching of oxygen free radicals formed 
during photosynthetic process, thereby can increase 
photosynthetic rate (Khot et al, 2012). The key for 
increased seed germination rate is the penetration of 
nanomaterials into seeds (Zheng et al, 2005). 
It is previously reported that multi-walled carbon 
nanotubes (MWCNTs) can penetrate tomato seeds and 
increase their germination rate by increasing seed 
water uptake. After 20 d of treatment, MWCNTs 
increase the seed germination rate up to 90% (71% in 
control) and the plant biomass (Khodakovskaya et al, 
2009). The impacts of nanoparticles on plants can be 
either positive or negative (Monica and Cremonini, 
2009). It is found that fluorescein isothiocyanate- 
labeled silica nanoparticles induce seed germination in 
rice, while quantum dots restrain seed germination 
(Nair et al, 2011). 
The phytotoxicity of nanomaterials (MWCNTs, 
aluminum oxide-Al2O3, ZnO, Al and Zn) and its 
impact on the germination rates of radish, rape canola, 
ryegrass, lettuce, corn and cucumber have been 
evaluated (Lin and Xing, 2007). High concentrations 
(2 000 mg/L) of nano-sized Zn (35 nm) and ZnO 
(approximately 20 nm) can inhibit the germination of 
ryegrass and corn, respectively. The root length of 
studied species is also inhibited by 200 mg/L nano-Zn 
and ZnO. The phytotoxicities of nano-Al and Al2O3
significantly affect the root elongation of ryegrass and 
corn, respectively, whereas nano-Al can facilitate 
radish and rape root growth. Similar results are 
reported by Ma et al (2010). 
Qiangdi nano-863 BAGA has been widely used in 
rice production in China. When rice seeds and plants 
are treated with Qiangdi nano-863 BAGA, rice yield 
can be increased by 8% (Zeng, 2004). Nanomaterials 
can promote the metabolism of seeds and seedlings, 
advance seed germination and root appearance, and 
increase root number. The impact of nanocomposite 
on rice plants is most significant at tillering stage. 
With the advance of growing stage, no obvious 
difference is observed between nanomaterials-treated 
rice and control rice (Liu et al, 2007a).  
Most previous reports on nanotechnology application 
in rice are qualitative. And there is no report about the 
quantity efficiency of nanometer materials with 
different energies (O2
-/cm2·s) on treating different rice 
varieties. In this study, the impacts of NPTs with four 
different energies on seeds and seedlings were 
investigated in different rice varieties. 
MATERIALS AND METHODS 
NPTs and rice varieties 
The NPTs with different energies (Fig. 1) were provided 
by Suzhou Zhongchi Nano Science Technology 
Development Limited Company, China. NPT-A, 81 
O2
-/(cm2·s) (release negative oxygen amount per cm2
per second); NPT-B, 395 O2
-/(cm2·s); NPT-C, 530 
O2
-/(cm2·s); and NPT-D, 1 778 O2
-/(cm2·s). Tap water 
was used as control or treated by NPTs. 
The rice varieties Xiushui 09 (japonica rice), Jinzao 
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47 (indica rice) and Zhongzheyou 1 (hybrid indica rice) 
were used. 
NPT-treated water and rice seeds soaking  
NPT was placed in a plastic bucket with 20 L water 
for 48 h to produce nanomaterial-treated water. Rice 
seeds were firstly pre-soaked in tap water for 24 h, 
and then soaked in nanomaterial-treated water for 24 h. 
The seeds were removed and pre-germinated for 36 h. 
The seed germination activity and germination rate 
were tested. On 3 June, 2013, three plastic boxes of 
each variety were sowed for each treatment (length × 
width × height = 45 cm × 32 cm × 16 cm) (three 
replications), and there were about 60 rice plants in 
each box. 
The soil was collected from the farmland of the 
China National Rice Research Institute (CNRRI), 
Hangzhou, China. It was sandy loan clay and 
contained 31.5 g/kg organic materials, 2.09 g/kg total 
nitrogen, 83.2 mg/kg alkaline-nitrogen, 54.8 (17.34) 
mg/kg available phosphorus (carbon methods), 80.8 
mg/kg rapidly available potassium and 0.38 mg/kg 
soluble boron. 
Water and fertilizer management  
Fertilizer application at late growth stage was the 
same as that of common rice production. Homologous 
nanomaterial-treated water was used to irrigate the 
rice seedlings originated from nanomaterial-treated 
seeds. 
Investigations 
Investigations were conducted at 15 d (17 June, 2013) 
and 30 d (2 July, 2013) after sowing, respectively. 
Fifteen seedlings were randomly removed from each 
replication to test the agricultural characters including 
plant height, root length, fresh plant weight, fresh root 
weight and fresh shoot weight. The 30-day-old rice 
seedlings were transplanted into the concrete pond in 
net home with three replications and 10 rice plants in 
each replication. The soil was the same as the 
mentioned above. 
Irrigation of adult rice plants in concrete pond  
The experiments of adult plants were carried out in 
concrete pond in net house. The experiments were 
performed under completely randomized block design 
with three replications. The adult rice plants were 
constantly irrigated with the water treated by NPTs. 
NPTs were placed in the water inlet and the water 
traversed the NPT discs. For instance, the seeds of 
Jinzhao 47 were soaked with NPT-A-treated water 
which was then used to water its seedlings and irrigate 
its adult plants. The rest treatments were done as the 
same. Irrigation began at rice transplanting till harvest, 
just like that in conventional rice production.  
Determination of rice agricultural characters and 
yield 
Upon complete ripeness of rice, the rice plant height, 
panicle length, panicle weight, the number of filled 
grains per panicle, seed-setting rate and 1000-grain 
weight were tested.  
Statistics and analysis  
The data were analyzed with Duncan’s new multiple 
range method of analysis of variance. The software 
DPS© Data Processing System was used for 
experimental design. Statistical analysis and data 
mining was performed by Professor TANG Qi-yi in 
Zhejiang University (Tang and Zhang, 2013). 
RESULTS 
Impacts of NPT treatment on rice seed germination 
rate 
When the rice seeds of Jinzao 47, Zhongzheyou 1 and 
Xiushui 09 were soaked in the water treated with high 
energy NPT-C and NPT-D, their germination rates 
were significantly increased (Fig. 2). Their germination 
rates were significantly higher than those of the 
control and the rice seeds soaked in the water treated 
by low energy NPT-A (Fig. 2). 
The seed germination rates of Jinzao 47, 
Zhongzheyou 1 and Xiushui 09 showed no significant 
difference when treated by NPT-A-treated water or tap 
water. The seed germination rates of Zhongzheyou 1 
and Xiushui 09 treated by NPT-B-treated water 
showed no significant difference with those soaked in 
tap water, while the germination rate of Jinzao 47 was 
obviously decreased. It suggests that NPT-B has a 
certain inhibition on the variety Jinzao 47. The higher 
energy NPTs, NPT-C and NPT-D, showed significant 
effects on promoting the seed germination in all the 
three rice varieties (Fig. 2).  
Impacts of NPT treatment on rice seedling growth  
Impacts on root length of seedlings
Seeds were soaked in the water treated by the four 
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NPTs with different energies. At 15 d after sowing, 
there was no significant impact on the root lengths of 
Zhongzheyou 1 and Xiushui 09 compared with the 
control. NPT-C treatment promoted the root growth of 
Jinzao 47. However, there was no significant 
difference in root length among the four NPT 
treatments. At 30 d after sowing, the four NPT 
treatments showed no significant impact on the root 
growth of Jinzao 47, but had certain promotion effects 
on Zhongzheyou 1 and Xiushui 09 (Table 1). 
Impacts on seedling height 
At 15 d after sowing, NPT treatments showed certain 
degrees of inhibition on the plant height of Jinzao 47, 
and NPT-B treatment showed strong inhibitory effect. 
All the four NPT treatments showed some promotion 
effect on the plant height of Zhongzheyou 1 but with 
no significant difference among each treatment. 
NPT-D treatment increased the plant height of Xiushui 
09, while NPT-A, NPT-B and NPT-C treatments 
decreased the plant height of Xiushui 09, but there 
was no significant difference among each treatment. 
At 30 d after sowing, all NPT treatments increased the 
plant height of Jinzao 47, but showed no significant 
difference between each other. NPT-B, NPT-C and 
NPT-D treatments increased the plant heights of 
Zhongzheyou 1 and Xiushui 09, while NPT-A 
treatment showed inhibition on the plant height of 
Zhongzheyou 1 and Xiushui 09. Thus, both the 
summed promotion and inhibition of NPT treatments 
showed no obvious difference with the control (Table 
1).
Impacts on fresh weight of rice seedlings 
At 15 d after sowing, the four NPT treatments showed 
no significant impact on the whole fresh plant 
Fig. 2. Effect of treatment with different energy nanometer pottery
trays (NPTs) on seed germination rate.
The black bars indicate the standard deviation. Different letters
indicate significant difference at the 0.05 level.
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(including shoot and root) weight of Jinzao 47. NPT-A 
treatment showed an obvious inhibition on the fresh 
plant weight of Zhongzheyou 1, but NPT-B, NPT-C 
and NPT-D treatments showed no significant impact. 
NPT-D treatment could significantly increase the fresh 
plant weight of Xiushui 09. At 30 d after sowing, 
NPT-D treatment significantly increased the fresh 
plant weight of Zhongzheyou 1, while NPT-A, NPT-B 
and NPT-C treatments showed no obvious impact. All 
the four NPT treatments showed no significant 
promotion or inhibition on the fresh plant weights of 
Jinzao 47 and Xiushui 09 (Table 1). 
Impacts on root weight of rice seedlings  
At 15 d after sowing, NPT-B, NPT-C and NPT-D 
treatments showed obvious promotion effect on the 
root weight of Jinzao 47, but NPT-A treatment showed 
no significant impact compared with the control. The 
four NPT treatments showed no significant impact on 
the root weight of Zhongzheyou 1. NPT-D treatment 
significantly increased the root weight of Xiushui 09, 
and NPT-A, NPT-B and NPT-C treatments showed no 
significant impact. At 30 d after sowing, the four NPT 
treatments had no significant impact on the root 
weights of Jinzao 47 and Xiushui 09 (Table 1). 
However, NPT-D treatment increased the root weight 
of Zhongzheyou 1.  
Impacts on fresh shoot weight of rice seedlings 
At 15 d after sowing, NPT-C and NPT-D treatments 
showed significant promotion effects on the fresh 
shoot weight of Jinzao 47, and NPT-A and NPT-B 
treatments had no significant impact. All NPT 
treatments showed no significant impact on the fresh 
shoot weights of Zhongzheyou 1 and Xiushui 09. At 
30 d after sowing, NPT-A treatment showed significant 
inhibitory effect on the fresh shoot weight of Jinzao 47. 
For Zhongzheyou 1, NPT-D treatment significantly 
increased its fresh shoot weight, while NPT-A, NPT-B 
and NPT-C treatments showed no significant impact. 
NPT-A treatment suppressed the fresh shoot weight of 
Xiushui 09, while NPT-B, NPT-C and NPT-D 
treatments increased the fresh shoot weight of Xiushui 
09 but with no significant difference between each 
other (Table 1).
Impacts of NPT treatments on adult rice plants  
Impacts on rice plant height 
NPT-A treatment significantly increased the plant 
height of Xiushui 09 and obviously decreased that of 
Jinzao 47. NPT-B treatment showed no influence on 
the plant height of Jinzao 47 and Xiushui 09. NPT-D 
treatment significantly decreased the plant height of 
Jinzao 47. NPT-C treatment had no significant impact 
on the three varieties and all of the four NPT 
treatments had no impact on the plant height of 
Zhongzheyou 1 (Table 2).  
Impacts on panicle length 
All the four NPTs showed no influence on the panicle 
length of Jinzao 47. However, NPT-A and NPT-B 
treatments significantly increased the panicle lengths 
of Xiushui 09 and Zhongzheyou 1, respectively, while 
NPT-C and NPT-D treatments showed no influence on 
panicle length (Table 2). 
Impacts on panicle weight  
All the four NPT treatments increased the panicle 
weight of the three varieties. However, only NPT-C 
and NPT-D significantly increased the panicle weight 
of Jinzao 47. And NPT-C and NPT-D significantly 
increased the panicle weights of Zhongzheyou 1 and 
Xiushui 09, respectively. NPT-A and NPT-B showed 
no significant effects on panicle weight (Table 2). 
Table 2. Effects of treatment with different energy nanometer pottery trays (NPTs) on adult rice plants.
Treatment 
Plant height (cm)  Panicle length (cm) Panicle weight (g) 
Jinzao 47 Zhongzheyou 1 Xiushui 09 Jinzao 47 Zhongzheyou 1 Xiushui 09 Jinzao 47 Zhongzheyou 1 Xiushui 09
Control 99.77  115.98  87.38  22.11 24.21 15.62 3.47 3.74 2.69 
NPT-A 94.73*  114.81  93.50*  22.76 24.29  16.86* 3.89 3.93 3.05 
NPT-B 98.36 118.52  88.80  23.03 25.60* 15.40 3.62 3.99 3.06 
NPT-C 102.99  116.71  86.01  23.10 24.82 15.22 4.14* 4.67*  3.13 
NPT-D 94.96* 117.85 89.17  22.60 24.09 15.97 4.17* 4.13 3.71* 
Treatment 
No. of filled grains per panicle  Seed-setting rate (%) 1000-grain weight (g) 
Jinzao 47 Zhongzheyou 1 Xiushui 09 Jinzao 47 Zhongzheyou 1 Xiushui 09 Jinzao 47 Zhongzheyou 1 Xiushui 09
Control 141.53 148.32  105.96   79.57  86.10 88.03 24.64 26.00  24.99 
NPT-A 142.91 153.24  130.06*  80.74  88.84 88.18  24.94* 26.50* 24.71* 
NPT-B 168.77* 152.56  125.37*  88.23* 85.47 94.70* 25.10* 26.10  25.70* 
NPT-C 157.18* 180.64* 116.51*  84.37  92.12* 90.07* 24.82 25.92  23.71* 
NPT-D 168.11* 142.56  136.78*  87.48* 88.91 95.38* 25.36* 26.20  26.31* 
* indicates significant difference at the 0.05 level. 
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Impacts on number of filled grains per panicle 
NPT-B, NPT-C and NPT-D treatments significantly 
increased the numbers of filled grains per panicle in 
Jinzao 47 and Xiushui 09. NPT-A treatment also 
significantly increased the number of filled grains per 
panicle in Xiushui 09, and NPT-C treatment 
significantly increased the number of filled grains per 
panicle in Zhongzheyou 1 (Table 2). 
Impacts on seed-setting rate 
Almost all the four NPT treatments increased the 
seed-setting rate of all the three rice varieties, 
although the increasing amplitude varied. NPT-B and 
NPT-D significantly increased the seed-setting rates of 
Jinzao 47 and Xiushui 09. And NPT-C significantly 
increased the seed-setting rates of Zhongzheyou 1 and 
Xiushui 09. However, NPT-A showed no significant 
effect on seed-setting rate in all the three varieties 
(Table 2). 
Impacts on 1000-grain weight 
All the four NPT treatments increased the 1000-grain 
weight of Jinzao 47 by 0.73%–2.92%. NPT-A 
treatment significantly increased the 1000-grain 
weights of Jinzao 47 and Zhongzheyou 1. NPT-B and 
NPT-D treatments obviously increased the 1000-grain 
weight of Jinzao 47 and Xiushui 09, while NPT-A and 
NPT-C treatments significantly decreased the 
1000-grain weight of Xiushui 09 (Table 2). 
DISCUSSION 
‘Qiangdi nano-863’ BAGA and Suzhou Zhongchi 
nano ceramics disc are developed from composite 
nano far infrared technology materials. These NPTs 
contain ‘nano FLM materials’ which have beneficial 
vibration frequency (energy) and can absorb and 
release far infrared wave.  
In this study, there were four NPT treatments (four 
NPTs with different energies) and three treated targets 
(three rice varieties). The results were quite different, 
i.e. some NPT-variety interaction groups showed 
promoted rice seed germination and plant growth, 
while some NPT-variety interaction groups showed 
restrained germination and growth, and some 
NPT-variety interaction groups showed no significant 
impact. 
The seed characteristics of different rice varieties 
may be quite different, e.g. the different thicknesses of 
rice husks may lead to different water absorbing 
capacities and rate. There may be different biochemical 
components in different rice varieties, such as the 
content of starch, amino acids and enzymes. The 
biological characteristics of different rice varieties at 
different growing stages may also be quite different. 
These differences may result in the diverse reactions 
to different energy-stimulating substances from the 
environment. Thus, the impacts of the same NPT 
treatment on different rice varieties can be quite 
different. In general, the higher energy NPT treatments, 
for example NPT-C and NPT-D treatments, can promote 
rice seed germination. However, whether the higher 
energy nanomaterial treatment can better promote rice 
seed germination requires further study.  
The impacts of the four NPTs treatments with 
different energies on rice biological properties and 
yield components at adult stage were similar to their 
impacts on seed germination rate and seedling growth. 
In the rice treated by the NPTs with different energies, 
some NPT-variety interaction groups increased or 
decreased adult plant height. Therefore, when treating 
the crop seeds or plants from different crops (varieties), 
the specific nanomaterials or nanotechnologies with 
suitable energies should be selected to reduce negative 
effects.  
Nanomaterials and nanotechnologies are a double- 
edged sword because they have both beneficial facets 
and negative effects (Service, 2004). While taking all 
the advantages of nanomaterials (nanotechnologies) to 
serve agriculture and human beings, a study of their 
negative effects should not be ignored, especially the 
negative effects on mankind and the environment. 
Nevertheless, future research on nanomaterials and 
nanotechnologies for plant germination and growth 
should address some of the following challenges, as 
reported by Nair et al (2010): the unpredictable 
reactions of nanomaterials to different plants, the 
phytotoxicity due to high concentrations, and the 
reduced intake and photosynthesis of plants due to 
large nanomaterials. 
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